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The chemistry of the epoxide grouping is a subject 
t h at has not be e n fully explored. Russell, (unpublished) 
work), in making derivatives to characterize some com-
p ounds t .hough t to contain a chain having a 1, 2-epoxy-
4-ketone g rouping, found that a 2,4-dinitrophenylhy-
drazone formed in a peculiar manner. An elemental an-
aly sis of the derivative showed that it had lost two 
atoms of oxygen, rather than the expected one atom of 
oxyg en. If this had happened, the most probable structure 
f or the derivative would be a substituted six-membered 
r i ng containing two adjacent nitrogen atoms, and the 
e p oxide oxygen would here have undergone a reaction 
ordinarily confined to a carbonyl oxyg en. The reaction 
may be represented as follows: 
N D,_ 
+ r-f2.Jv N J-1 0 N Oz. 
A 2 ,4-dinitrophenylhydrazone is made in a nine~­
f ive pe rcent ethanol solution ca t a lyz ed with acid. Under 
the s e cond itions an ep ox ide would be expected to react (1) 
wi t h t he ethanol to form a hydroxy ether, or with the 
(l) S D Billen G.' and Scanlan, J., P r eparation wern, • , , 
of some Hyd roxy-ether s from 9 ,10- Epoxystearic Acid and 
9,10-Epoxyoctadeca nol, J . Am. Chem. Soc., 70, 1226 (1948) 
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(2) 
water present to form a glycol, or the epoxide group 
could surviv e u n chang ed, g iving a normal ketone derivative. 
(2) Four meau , E ~, a nd Marques, T.R.Y., Bull. Soc. Chim. 
(4) 39, 699-700 (1926 ) 
Th i s epoxy- ketone wa s prepared under drastic con-
d it ions , such that i t i s conceivab le that the epoxy 
oxygen could have rearranged(i s omerized.) 
The o b ject o f thi s re s earch was to prepare first the 
s i mples t homol ogue of the epoxy-ketone considered by 
Russell to have b e e n h is product. If this h omologue, 
4-benzoyl-4-methyl-l~poxypentane, could be prepa red 
and cau s ed to form a cyclic derivative of the type given 
b y 1, 4-d~etones with 2, 4-dinitrophenylhydrazone, the 
or a nic chemi st woul d be g iven a new approach to sub-
s t i tuted 1, 2-diazines as well as a previously unreported 
reaction of t h e epoxide g rouping . If this rea ction could 
be made t o occur, othe r ep oxides of t h is series would be 
prepa red and t reated i n the same manner. 
It ·was dec i d e d that t h e shortes t route to 4-benzoy l-
4 - me thyl-1 , 2-epoxypentan e would be the d i rect condensation ( 3) 
of epichlorohydrin with isobutyrophenone . 
( 3) Mme. Ramart-Lucas and Haller, A., Compt. rend . 158, 
1302 (1914) 
There was also the possib ility of condens ing 
isobutyrophenone with allyl halides to produce 4- benzoyl-
( 4,5 ) 
4 -met hyl-l-pentene . This could then be converted to 
-3-
(4) Hal ler, A. , Bauer, Ed., Compt. rend.~, 70 (1909) 
(5) Hal ler, A., Bauer, Ed., Compt. rend. 158, 825 {1914) 
t he halohyd r i n followed by treatment with base to form 
the epoxide, or it could be treated with a peracid to 
fo r m the e p oxide directl y. 
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LITERATURE SURVEY 
There is noth ing in the literat ure concerning the 
reaction of a n epoxide group with 2,4-dinitrophenylhydrazine 
to give a 2,4-dinitrophenylhydraz one type of deriva tive. 
(4) 
It has been rep orted that sodamide suspended in 
an inert solvent, such as benzene, toluene, or ether, at 
reflux will react with isobutyrophenone at the alpha 
hydrog en to give ammonia and the sodium salt of the ketone. 
This product, without isolation, has been re orted to react 
with various alkyl halides. The condensation product 
(3) 
with epibromohydrin was reported to be oxypropylene-
dirnethylacetophenone (or 4-benzoyl-4-methyl-1,2-epoxy-
pentane). 
The sodium compound of isobutyrophenone has also 
(4,5) 
been reported to react with allyl bromide to g ive 
4-benzoyl-4-methyl-1-pentene. 
Several work ers have described the conversion of 
alkenes to halohydrins in good yields by treating aqueous 
s usp ens i ons of the alkene with bromine dissolved in 
a queous pot ass ium b r omide solution. An example is t h e 
preparation of 1-chloro- 3-bromo-2-methyl-2-propanol from (6) 
methallyl chloride in 95% yield. 
(6) Hurd C.D., and Abernethy, J. L., 
J. ~- Chern. Soc. 63, 976 (1941) 
There are numerous other methods for converting 
halohydrins to epoxides. It seemed desirable to not 
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u se a me t h od so dras tic a s refluxing the halohydrin wi th 
s od ium met a l i n a nhydrous toluene, particularly because 
this was t h e meth od u s ed b y Russell t o obtain the 
orig inal compound considered to be the epoxy-ketone, 
5-ben zoy l-5-methyl-2,3-epoxyhexane. 
The method of steam distilling t h e epoxide, as it 
forms, from base is typified by the conversion of di-
chloro-tert-butyl alcohol to l-chloro-2-methyl-2,3-
(7) 
epoxypropane in 95% yi eld. 
(7) Hearne and De Jong, Ind. and Eng. Chern . 33, 941(1941) 
The s e authors reported that this reaction is complete 
and quanta tive in a few minutes, even at room temperature, 
if an excess of base is present. 
A common method for making epoxides is the treatment 
of t h e corre s ponding alkene with a peracid. A typical 
exa mp le is the formati on of styrene oxide by treating 
( 8) 
s y r e ne wi t h perbenzoic acid. 
(8 ) Hi bb e r t, H. and Burt, P ., Organic synthes e s, 
Col l . Vol . 1, 2nd . e d ., p . 494, John Wiley and Sons, Inc., 
Ne York , ( 1941) 
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EXPERIMENTS and RESULT S 
Cond ensat i on of isobutyrophenone with epichlorohyd rin(3 ) 
The p r oce u re for a t ypical experiment is described, 
though s everal runs were made in various solvents and 
with va r y i ng quantities of reactants. 
In a three necked flask, fitted with stirrer, 
reflux condenser, and dropping funnel was suspended 
39 g. (1 mol) of sodamide in 400 cc. of dry ether. The 
reflux condenser was fitted with a dryi ng tube since the 
reaction h a d to be carried out under anhydrous conditions. 
The stirrer was sta rted and left runn ing throughout the 
course of t h e reaction. With the mixture refluxing, 
170 g. (1.15 mols) of isobutyrophenone was add ed drop -
wise. The evolved a mmonia was absorbed in acid and t h e 
increase in weight of the acid solution showed that 
after four hours the reaction was essentially complete. 
The solution was now brown (and in one run definitely 
c ontained a wh ite precip ita te). 
One mole (92 .5 g .) of epichlorohydrin was then 
a d ded dropwise and t he refluxing continued f or t en 
h ou r s . The rea c tion mixture was c ooled , t h e n poured 
in t o i c e wa ter and the two laye r s we r e separa ted. Th e 
a qu e ous l ayer was washed sever al t i mes wit h ether a nd 
the combined e t her extra cts were wa shed twice with 
ice wa t er then dried ov er a nhydrous sodium sulfa te. 
' 
The e t her was d i s til led off and t h e residue was 
fractionat e d a t r educed pressure. 
The following fractions were col l ected: 
(1) app roximately 50 g . of isobutyrophenone 
(2) a pproximately 2 c c ., b.p. 100-1350/12 mm 
(3) 19 g ., b.p. 137-140°/12mm 
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Above 140°/12 mm there was decomposition. A larg e quantity 
of tarr y material remained. 
The third fraction was that reported to be 4-benzoyl-
{3) 
4-methyl-1, 2-epoxypentane. This material was tested 
for the epoxide group by t reating it with pryidinium 
ch loride in chloroform and titra ting t h e excess hydro-
chloric acid. The compound, 2.0426 g ., was treated with 
25 cc. of 1.0044 N. pyridinium hydrochloride (with 
res~ect to HCl). The base required in titrating un-
reacted HCl was 51.6 cc. of 0.482N. sodium hydroxide, 
as compared with 52.0 c c . required for the total amoun t 
( 9 ) 
of hydrochloric acid used. 
( 9) Shell Chemical Corporation, Epichlorohydrin, 
Technica l Booklet SC: 49-35 , Shell Chemical Corpora tion 
New York (1949 ) p.37 
This ma teria l was also tested f or functional 
groups. It did not give a 2,4-dinitrophenylhydrazone 
when catalyzed with either hydrochloric or sulfuric 
acids, indicating no reactive carbonyl oxygen . It did 
not show an active benzene ring when trea ted with 
aluminum. chloride in ca rbon tetrachloride . It did not 
decolorize bromine in carbon tetrachloride, ind ica ting 
- 8-
no reactive double bonds and no replaceable hydrogen. 
The material gave no t est for halogen with alcoholic 
silver nitrate and did not give the iodoform reaction. 
It did react with water but the products were not ob-
tained in a pure form, having a melting point rang e of 
79-90°. The product reported from the reaction with (3) 
water had a m.p. of 100° and was considered to be 
4-benzoyl- 4 - methyl-1, 2-pentanediol. 
The presumed 4-benzoyl-~ethyl-1,2-epoxypentane contains 
no nitrogen or halogen. A reaction product, presumably 
the oxime, from treatment with hydroxylamine hydrochloride 
(10) 
in pyridine was obtained, m. p . 128°, wh ich did con-
tain nitrogen and no halogen. The presumed 4-benzoyl-4-
methyl-1,2-epoxypentane is soluble in 12N.HC1 a nd on 
dilution with water white crystals form. 
(10) Shriner, R. L. and Fuson , R. C., Indentification 
of Organic Compounds, 3rd ed., John Wiley and Sons, Inc., 
New York (1948) p. 202 
A carbon, hydrogen analysis of the presumed 4- ben-
zoyl-4- methyl-1,2-epoxypentane showed: C-76.15%, H-
7 .71% as compared with the calculated C-76.48%, H-
7. 89% if the compound were 4 - benzoyl-4- methyl- 1,2-
e poxypenta ne. 
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Condensation of Isobutyrophenone with Bromoacetone 
It seemed desirable to make the 1,4-dlketone, 4-
benzoyl-4-methyl- 2-pentanone, which would be a likely 
product if the epoxide had isomerized. This diketone 
would b e expected to give the same substituted diazine 
as the one expected if 4-benzoyl-4- methyl-1,2-epoxypen-
tane did give a diazine with 2,4-dinitrophenylhydrazone. 
~ttempts to condens e isobutyrophenone with bromo-
acetone usin the sodamide method were unsuccessful. 
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Condensation of Isobutyrophenone wi th Allyl Bromide 
4-Benzoyl-4-Methyl-l-Pentene (4) 
In a three-necked flask equipped with stirrer, re-
flux condens er fitted with drying tube, and dropp ing 
fun nel was suspended 80 g . (2 mols) of sodamide in 400 
cc of anhydrous thiophene free benzene. To the stirred 
and refluxing mixture there was added all at once 296 g . 
(2 mole) of isobutyrophenone. The reaction became violent 
and required external cooling. It was stirr ed under re-
flux for six hours. The mixture was quite pasty and 
appeared to have a white solid suspended in a brown liquid. 
The heat source was removed and 242 g. (2 mols) of 
a llyl bromide was added with stirring at such a rate as 
to maintain refluxing. (During the addition the mixture 
became fluid again). After the addition was completed . 
the mixture was refluxed with stirring for an additional 
half hour, then allowed to stand overnight at room tern-
perature. The mixture was then poured into ice water, 
forming two layers. The benzene layer was s epa r ated, 
and the aqueous layer washed with benzene. The combin~d 
benzene solutions were washed with water, then dried over 
anhydrous sodium sulfate, and the benzene was removed. 
The residue was fractionated at reduced pres sure, the 
s eparation of product from isobutyrophenone requiring 
several fractionations. The following fractions were 
collected: 
(l) 83 g. of isobutyrophenone 
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(2) Approximately 50 g . d i s tilling 118-130 °/15 mm . 
(3) 170 g ., 130-133°/15 mm . 
The y ield of 4-benzoy l-4-methyl-1-pentene wa s 63 % bas-
ed on unrecovered isobutyrophenone. The product s h owed 
no nitrogen or halogen. 
A sample o f the produc t b oiling 131-132°/15 mm., 
~0 1.5198, was taken for derivativ es. The 2,4-din i tro-
phenylhydrazone melts 103-104? 
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4 - Benzoyl-4-Methyl-2-Hydroxy-1-Bromopentane 
There was suspended in 300 cc of water 93 g. (0.49 
mole) of 4 - benzoyl-4-methyl-1-pentene. To this was added, 
with vigorous stirring, 33 cc.of bromine dissolved in 
a solution of 45 g. of potassium bromide in 200 cc. of 
water, drop w1s e at such a · rate that the solution re-
mained at room temperature and there was no excess 
bromi ne present. At the end of two and one half hours 
there was an excess of bromine in the mixture, though 
not quite al l of t h e bromine h a d been added. The pro-
nuct was a white, crystalline solid which was filtered 
out, washed with water, then triturated with sodium 
bicarbonate solution, and finally filtered and washed 
aga in with water. The crude solid melted around 100? 
A recrystallization was attempted from various solvents 
but only an oil could be obtained, though a small sample 
of the oil did crystallize after two weeks. The oil 




An attempt was made to steam distill the epoxide 
at reduced pressure by allowing 4-benzoyl-4-methyl-2-
hydroxy-l-bromopentane t o d rip into a stirred, distill-
ing, aqueous lime suspension, when 500 cc. of water had 
been collected with no organic material coming over, the 
attempt was a bandoned. 
Another attempt was to produce this epoxide by 
react ion with aqueous base, followed by an extraction 
of the organic material. 
About 0. 25 mols of 4-benzoyl-4-methyl-2-hydroxy-l-
b romopentane in the form of an oil was violently shaken 
with aqueous base but t h ere was no apparent reaction and 
most of the o il did not emulsify. Enough dioxane was 
added to obtain a n emulsion on violent shaking. A slight 
temperature rise indica ted that reaction had occurred. 
The mi x ture was then extracted with petroleum ether and 
with benzene , a nd these extracts washed with water, dried 
over anhydrous sodium sulfate, solvent removed and the 
residue distilled. 
There vas collected 12 g: . , b.p. 164-165°/13 mm., 
20 
nD 1 . 5280 . 
This material did not decolorize bromine in carbon 
tetrachloride, though it did decolorize permang anate 
in aceton e slightly more rapidly than a blank. ( Styren e 
oxide in acetone also decolorized permanganate slightly 
more rapidly than an acetone blank). When the ma terial 
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was shaken with 12 N. HCl a solid was obtained. The 
p roduct also g i ves a 2, 4-dinitrophenylhydr zone which 
softens at 210° and is decomposed by 225? It is likely 
that the true melting point could be found if the 2 ,4-
dinitrophenylhydrazone were not exposed to this high 
temperature for so long a time o 
It seems u nlikely that 4-benzoyl-4-methyl-1,2-
e poxypentane would have so high a boiling point as this 
product has. This product also does not give a pyri d inium 
chloride test fo r epoxy oxyg en. 
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4-Benzoyl-4-Methyl-1,2-Epoxypentane 
It seemed unlikely that the epoxy-ketone had been 
prepared, therefore an attempt was made using the per-
benzo ic acid method as applied to the preparation of 
( 8) 
styrene oxide . 
(11) 
The perbenzo ic acid was prepared by a standard method. 
(11) Braun, G., Organic Syntheses, Coll. vol. 1, 2nd 
ed., p . 431, John Wiley and Sons, Inc., New York, (1941) 
A solution of 10.4 g. (0.44 g. atoms) of sodium in 
200 cc. of methanol was cooled to 0-( - )5°, and to this 
was added 100 g. (0.42 mo l s) of benzoyl peroxide in 400 
cc . of chloroform at 0°. The tempera tures of all the 
solutions in the who l e experiment were maintained as 
nearly 0° as pos sible. After ten minutes of shaking 
the mixture b ecame milky. It was then transferred to 
a separatory funn el and washed with 1 11ter of water 
containing crushed ice. The aqueous layer was saved and 
washed twice with 200 cc. portions of cold chloroform, 
the n ac i dified with 450 cc. of cold 1 N. sulfuric a cid. 
The liberated perbenzo i c ac id was t he n extr cted with 
sever al portions of cold chloroform. Th e combined 
chl oroform extracts were dr ied over anhydrous sodium 
sulfate, the drying agent was filtered out and the per -
benzoic acid solution used without furthe r trea t ment. 
It seemed r easonable to assume that an e xcess of 
peracid would leave no unreacted alkene, thus making 
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isolation of the epoxide easier, a nd would not ca use un-
des irable s i de reactions . 
To the perbenzoic acid solution, still at 0°, was 
added 38 g . (0 . 2 mols) of 4-benzoyl-4- methyl-1- p entene 
with shak,ing . The mixture was kept at o0 for twenty-
fou r hours with occasional shaking. It was then extracted 
twice with 10% sodium hyd roxide solution at 0° , washed 
with ice water until neutra l to litmus and dried over 
anhydrous sodium sulfate. The drying agent was filtered 
out and the chloroform removed on a stea m bath. White 
crys t a ls f ormed a nd we re f iltered out, and the residue 
distilled to 170°/16 mmo Some solid came over, wa s 
filtered out and added to the previously collected solid. 
The dist illate was then fractionated. More white solid 
was collected a nd 21 g . of the starting alkene, so t hat 
the white solid proved to be the only product, other than 
tar . Six g r ams of solid was recovered a f ter recrystalli-
zation from pe troleum ether. The solid did not g ive a 
sharp melt ing point, most of t he material melting 176-
1800 but a small amount remained unmelted. 
The white solid doe s not give a n e poxide test with 
pyridinium chloride for the excess HC l a gain p roved to 
be the total amount used in the test . 
The reaction wa s repeated, using more a lkene,50 g . 
(0. 28 mole ), with the same results. 
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Pyridinium Chloride-Chloroform Test fo r Epoxi des ( 9 ) 
Th is method is intended for the determination of 
epichlorohydrin content of ep ichlorohydrin. It is 
appl icab l e to other ep oxy compounds which do not con-
tain water, aldehydes or easily hydrolyzed chlorohydrins. 
The sample is reacted with pyridinium chloride in 
chloroform at 100°, converting the epoxide to a chlorohy-
drin. The amount of acid as determ i ned by back titration 
wi th standa rd base, is a measure of the epoxide content 
of the sample. 
To prepare approximately one liter o f solution: 
Weigh 75 g . of c.p. anhydrous pyridine into a one liter 
Er l enmeyer fla s k, add about 400 ml. of anhydrous c.p. 
chloroform a nd wei ·h to t h e nearest g ram. Place the 
flask into an ice bath and- slowly bubble in anhydrous 
h ydrog en chloride gas until 35 g. have been admitted (de-
termined by we i g h i ng flask a t interva ls). Transfer mix-
ture to a 2 11 ter graduated cylinder and warm t ·o r oom 
temperature . Agitate well and expel the HCl v apors f r om 
the cylinder with a s t ream of d r y air. Add a 1 0 ml~ 
a l iquot of the solution to 50-75 ml . of c. p. methanol in 
a 250 ml. Erlenmeyer flask and tit r a te to t he phenolphthalein 
end point with standard 0.5N NaOH. Calculate the amount 
of p yridine to be added in order to neutral i ze the free 
hydrog en chl oride, if any, and to obtain a 5 per cent 
excess, using the following equation: 
-18-
(S)(N )(V)( ?9 .l) (l .05) -W = g.pyridine to be added. 
1000 A 
where : 
S = volume of NaOH solution, u sed in titra ting aliquot, ml. 
N = normality of NaOH solution. 
V - total v o l ume of mixture af~er a liquot has been taken, ml. 
A = volume of aliquot, ml . 
W = wt . of pyr i dine, g . added initially. 
Add the calculated amount of pyridine and dilute the 
solution wi th chloroform to a total volume of (S)(N)( V) ml. 
A 
To verify t hat t he reag ent has been prop e r ly prepared, 
titra te 25 ml. of reagent with 0.5N. NaOH, preparing as 
for a blank (see below). Titrate another 25 ml. of 
reagent af ter refluxing 15 minutes. The two titrati ons 
should agree within 0.1 ml . of titra nt. 
Use a quantity of samp le equivalen t to approximately 
0. 010 to 0.013 moles of t he epoxy compound. 
Procedure: Place a handful of g lass beads in a 
p ressure bot tl e , add 25 ml . of the pyridinium chloride 
reagent, introd uce the weighed sampl e (in a sealed 
ampoule) int o the bottle, seal the bottle and break the 
ampoule by shaking t he bott l e. Place the bottle in a 
steam bath at 100° and allo t he rea ction to go for an 
hour before removing t he bottle and slowly cooling it 
to room temperature. The bottle is o ened wh en cool to. 
release the vacuum, immersed in an ice ba th til cold, 
75 ml. of c. p . methanol is added and t h e bottle again 
chilled. One ml. of 1.0% phenolphthal ien in 60% 
ethanol is added and the sample titrated with 0.5 N 
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sodium hydroxide to a definite p ink end p oint that wi ll 
p ers i st a t leas t 30 secon ds . Keep t he bottle in an 
ice bath while titrating and a g itat e continuou sly. 
When near t h e end point, stopper t he bottle a n d shake. 
A blank should be run omitting t h e sample and using 
lO Oml . of methanol instead of 75. 
The percent we igh t of t he epoxy compound is found 
by means of t h e eauation: 
- (B - V) (N) (E) 
% w of epoxide = 10 W 
where: 
V - volume of NaOH used to titrate s a mple , ml. 
B - volume of NaOH used to titrate blank , ml. 
N - normality of Na OH 
E - equiva lent weight of the epox1de 
W - weight of sample, grams 
- 20-
Conclusions 
The compound resul ting from the attempted conden-
sation of i sobutyrophenone and enichlorohydrin and re-(3) ~ 
ported to be 4 - benzoy l-4-methyl-1,2-epoxypenta ne, 
d o es not g ive an epoxide test with pyridinium chloride, 
either because it is not an epoxide or beca use the test 
is not app licable, though the carbon, hydrogen analysis 
indicates that it is the epoxide or an isomer. 
The product resulting from the attempted epoxidation 
of 4-benzoyl-4-me t hyl-2-hydroxy-1-bro mop enta ne has a 
hig her boiling point than expected for the epox ide. 
The product resulting from the attempted peracid 
e p oxidat i on of 4 -benzoyl-4-methyl-1-pentene is d efinitely 
not the epoxide. It did not give an epoxide test and it 
does not have suitable physical properties. 
It i s noteworthy that the three methods should each 
produce the epoxide, and that the corresp onding glycol 
i s the only other likely product, but ea ch method p ro-
duc ed a different compound. 
It seems unwise, with t h e data at h a nd, to state the 
comp osit ion of any of t h e thr ee products before mak ing 
further studi e s such as infra red absorption spectra. 
- 21-
Suggestions for Fur ther Wo r k 
It would be desirable to s t u dy f urther the epox-
idatlon of 4-benzoyl -4- me t hyl -l , -pen t ene with peracids, 
for t he method s h ould work. Possib ly the rea ct i on, a s 
described, should b e run u s i ng no e x cess of perb enzoic 
a cid , since lt i s p o ss i bl e t hat exces s p era cid could 
b r ing abou t conv ersion to the g lycol. 
It would also b e desirable to determine in some 
way t h e exact st ructure of the compound reported to be 
4-benzoyl- 4 - meth yl-1 -pentene. 
The reac t i on products that were obta ined in this 
work shou ld be ident ified , poss i b ly by infrared a bsorption 
spectra . 
-22-
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